Distinction of hydatidiform moles (HMs) from nonmolar specimens (NMs) and subclassification of HMs as complete hydatidiform moles (CHMs) and partial hydatidiform moles (PHMs) are important for clinical practice and investigational studies; yet, diagnosis based solely on morphology is affected by interobserver variability. Molecular genotyping can distinguish these entities by discerning androgenetic diploidy, diandric triploidy, and biparental diploidy to diagnose CHMs, PHMs, and NMs, respectively. Eighty genotyped cases (27 CHMs, 27 PHMs, and 26 NMs) were selected from a series of 200 potentially molar specimens previously diagnosed using p57 immunostaining and genotyping. Cases were classified by 3 gynecologic pathologists on the basis of H&E slides (masked to p57 immunostaining and genotyping results) into 1 of 3 categories (CHM, PHM, or NM) during 2 diagnostic rounds; a third round incorporating p57 immunostaining results was also conducted. Consensus diagnoses (those rendered by 2 of 3 pathologists) were determined. Genotyping results were used as the gold standard for assessing diagnostic performance. Sensitivity of a diagnosis of CHM ranged from 59% to 100% for individual pathologists and from 70% to 81% by consensus; specificity ranged from 91% to 96% for individuals and from 94% to 98% by consensus. Sensitivity of a diagnosis of PHM ranged from 56% to 93% for individual pathologists and from 70% to 78% by consensus; specificity ranged from 58% to 92% for individuals and from 74% to 85% by consensus. The percentage of correct classification of all cases by morphology ranged from 55% to 75% for individual pathologists and from 70% to 75% by consensus. The k values for interobserver agreement ranged from 0.59 to 0.73 (moderate to good) for a diagnosis of CHM, from 0.15 to 0.43 (poor to moderate) for PHM, and from 0.13 to 0.42 (poor to moderate) for NM. The k values for intraobserver agreement ranged from 0.44 to 0.67 (moderate to good). Addition of the p57 immunostain improved sensitivity of a diagnosis of CHM to a range of 93% to 96% for individual pathologists and 96% by consensus; specificity was improved from a range of 96% to 98% for individual pathologists and 96% by consensus; there was no substantial impact on diagnosis of PHMs and NMs. Interobserver agreement for interpretation of the p57 immunostain was 0.96 (almost perfect). Even with morphologic assessment by gynecologic pathologists and p57 immunohistochemistry, 20% to 30% of cases will be misclassified, and, in particular, distinction of PHMs and NMs will remain problematic.
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Key Words: hydatidiform mole, reproducibility, p57, molecular genotyping (Am J Surg Pathol 2012; 36:443-453) D istinction of hydatidiform moles (HMs) from nonmolar specimens (NMs) and subclassification of HMs as complete hydatidiform moles (CHMs) and partial hydatidiform moles (PHMs) are important for clinical management and ascertainment of the actual risk of persistent/ subsequent gestational trophoblastic disease (GTD) for investigational studies. CHMs have higher risks for persistent GTD than do PHMs: 15% to 20% versus 0.2% to 4%, respectively. 15, 53, 60 Despite this lower risk associated with PHMs, choriocarcinoma arising in a PHM, PHM with synchronous metastatic GTD, and development of choriocarcinoma and placental site trophoblastic tumor after a diagnosis of PHM have been reported. 5, 41, 47, 54 Furthermore, the correct diagnosis of PHMs, particularly their distinction from NMs, is important for appropriate clinical management, as a diagnosis of PHM generates follow-up with serum b-human chorionic gonadotropin levels and contraception, which would be unnecessary for a diagnosis of NM and undesirable for infertility patients.
Microscopically, CHMs are characterized by enlarged hydropic chorionic villi with notable circumferential trophoblastic hyperplasia, cistern formation, trophoblastic inclusions, cytologic atypia, and apoptotic bodies within the villous stroma. Also, an early form of CHM has been described showing less well-developed yet characteristic features. 31 In contrast, PHMs usually exhibit 2 populations of villi (large hydropic villi and small fibrotic ones) with irregular contours (scalloping), trophoblastic inclusions, and less trophoblastic hyperplasia than in CHMs. Despite these differences, a substantial degree of morphologic overlap exists between these 2 types of HMs. In addition, distinction of HMs from NMs can be problematic in several situations, including: (a) products of conception specimens (POCs) with abnormal villous morphology (a nonmolar type of villous abnormality having some morphologic features suggestive of a PHM but lacking the diandric triploidy required for a definitive diagnosis of PHM, sometimes attributable to other genetic abnormalities such as trisomy) 7, 46, 49, 51 ; (b) early nonmolar abortuses with prominent trophoblastic hyperplasia; (c) hydropic abortuses; and (d) mosaic/chimeric conceptions. 25, 26, 30, 51, 57 These problems are partially because of the fact that histologic criteria for diagnosis of HMs are imperfect, not all pathologists apply criteria similarly, and because the histologic appearance can vary depending on gestational age. With the widespread use of routine first-trimester ultrasonography, the latter factor has become significant as most POC specimens, including molar and nonmolar ones, are encountered at much earlier gestational ages, 32 when microscopic features are less well developed, than in the past. Indeed, previously conducted studies have demonstrated poor interobserver and intraobserver reproducibility of the diagnosis of HMs when based only on assessment of H&E slides. 11, 22, 27, 28, 43 Numerous ancillary techniques to aid the diagnosis of HMs have been described and include conventional cytogenetics (karyotype), DNA ploidy determination [by flow cytometry, image analysis, and fluorescence in situ hybridization (FISH)], [6] [7] [8] 12, 19, 23, 25, 26, 33, 35, 37, 38, 56, 62 and immunohistochemistry for p57. 3, 4, 9, 12, 20, 21, 25, 26, 29, 39, 42, 48, 50, 52 Although previous studies have shown that the supplementation of histologic evaluation with techniques that determine DNA content (ploidy) improves the accuracy and reproducibility of a diagnosis, 11, 22 these techniques have the limitation of not being able to determine the maternal and paternal contributions of chromosome complements; thus, they cannot distinguish androgenetic diploidy (CHM) from biparental diploidy (NM) or diandric triploidy (PHM) from digynic triploidy (NM).
One ancillary technique with the capability of specifically distinguishing CHMs, PHMs, and NMs from one another is molecular genotyping using polymerase chain reaction amplification of multiple microsatellite loci (short tandem repeats) from multiple different chromosomes. 2, 3, 39, 42, 44, 45, 48, 51 This technique allows for determination of both ploidy and the maternal/paternal contributions of chromosome complements. Previously, we developed a working algorithm for the diagnosis of HMs using p57 immunostaining coupled with molecular genotyping and have found this approach to be quite useful in the evaluation of potentially molar specimens. 39, 45, 51 Unlike other ancillary techniques, genotyping has the ability to establish diagnostic truth. As previous studies have not used a definitive gold standard to determine the true accuracy/reproducibility of diagnosing HMs and their distinction from NMs, the goals of this study were to establish the accuracy and interobserver and intraobserver reproducibility of diagnosing HMs by gynecologic pathologists on the basis of morphologic assessment and with the aid of p57 immunohistochemistry, using genotyping as the true gold standard against which performance is assessed.
MATERIALS AND METHODS

Study Cases, Histologic Assessment, p57 Immunohistochemistry, and Molecular Genotyping
A large prospective and consecutive series of potentially molar specimens on the Gynecologic Pathology Service of the Johns Hopkins Hospital, Baltimore, Maryland (comprising B90% consultation cases), previously diagnosed using p57 immunostaining (monoclonal antibody from Neomarkers; Fremont, CA) and molecular genotyping (n = 200) served as the pool of material from which cases were obtained. Molecular genotyping consisted of microdissection of separate foci of villous and decidual tissue in each case. DNA was subjected to polymerase chain reaction amplification of 9 polymorphic markers (microsatellites) from multiple (8) different chromosomes and the amelogenin locus (AmpFlSTR Profiler kit; Applied Biosystems; Foster City, CA). The alleles at each locus were identified for both villous and decidual tissues, and the patterns were compared. Additional details of immunohistochemical and molecular analysis are provided elsewhere. 39, 44, 51 Eighty genotyped cases (1 H&E slide per case), including 27 CHMs, 27 PHMs, and 26 NMs, were selected by 1 of the authors (B.M.R.) familiar with the cases to ensure the quality of the H&E-stained section and p57 immunostain. Three faculty pathologists practicing in an active gynecologic pathology service, with varying experience in gynecologic pathology (B5 to >30 y), participated in the study (A.V.Y., R.V., and R.J.K., respectively). Cases were classified by the reviewers on the basis of H&E slides, masked to p57 immunostaining and genotyping results, into 1 of 3 categories (CHM, PHM, or NM) during 2 diagnostic rounds without training sessions, separated by 8 to 12 weeks. All observers used those histologic criteria used in routine practice; these criteria are essentially similar to those described elsewhere. 51 A third diagnostic round incorporating p57 immunostaining results was conducted after an interval of at least 16 weeks from the second round, with a brief explanation of interpretation of p57 immunostaining conducted using a multiheaded microscope with all reviewers.
Briefly, to interpret immunohistochemical stains for p57, the presence or absence of nuclear positivity was assessed in villous stromal cells, cytotrophoblast, intermediate trophoblast, and maternal decidua. Reviewers were instructed that the p57 immunostain is interpreted as "negative" and satisfactory when maternal decidua and/or intermediate trophoblastic cells exhibit nuclear expression of p57 (serving as internal positive control in all cases, including CHMs) but villous stromal cells and cytotrophoblast are either entirely negative or demonstrate only limited expression (nuclear staining in <10% of these cell types). The p57 immunostain is interpreted as "positive" when the extent of staining is extensive or diffuse in these cell types. In addition to the typical diffusely positive result, 2 variants of positive staining can be encountered occasionally ( <10% of cases in our large series): equivocal and discordant. The p57 immunostain is interpreted as "equivocal" when nuclear expression in both villous stromal cells and cytotrophoblast is in the focally positive range ( Z10% but <50% of the villi in the stained section). The p57 immunostain is interpreted as "discordant" when there is any combination/admixture of negative and positive results for villous stromal cells and cytotrophoblast within individual villi, including positive staining in cytotrophoblast and negative staining in villous stromal cells or vice versa. Further details of immunohistochemical patterns of p57 expression have been provided elsewhere. 51 
Statistical Analysis
The diagnoses of individual pathologists in each round were tabulated, and consensus diagnoses (those rendered by 2 of 3 pathologists) were determined. Genotyping results were used as the gold standard (true) diagnosis for assessing diagnostic performance. Sensitivity, specificity, and positive and negative predictive values for the various diagnostic categories were calculated as well.
Interobserver and intraobserver agreement for diagnoses (rounds 1 and 2) and interobserver agreement for interpretation of the p57 stain (round 3) were tested using Cohen kappa statistics. 36 Statistical analyses were performed with the STATA software package (version 11.1; StataCorp LP). Table 7 .
RESULTS
Results
Sensitivity of a diagnosis of any kind of HM by morphologic assessment ranged from 74% to 100% for individual pathologists and from 83% to 87% by consensus; specificity ranged from 31% to 92% for individual pathologists and from 62% to 73% by consensus (rounds 1 and 2; Table 1 ). Sensitivity of a diagnosis of CHM ranged from 59% to 100% for individual pathologists and from 70% to 81% by consensus; specificity ranged from 91% to 96% for individual pathologists and from 94% to 98% by consensus (rounds 1 and 2; Table 2 ). Sensitivity of a diagnosis of PHM ranged from 56% to 93% for individual pathologists and from 70% to 78% by consensus; specificity ranged from 58% to 92% for individual pathologists and from 74% to 85% by consensus (rounds 1 and 2; Table 3 ).
The percentage of correct classification of all cases ranged from 55% to 80% for individual pathologists and from 70% to 81% by consensus (rounds 1 to 3; Fig. 1 ). Details of diagnostic concordance between genotyping and consensus diagnoses are provided in Table 4 . The most common problem in misclassification of cases by morphology was distinction of PHMs from NMs (13 cases in round 1 and 12 cases in round 2). This was followed by difficulty in distinction of CHMs from PHMs (5 cases in round 1 and 4 cases in round 2). Problems with distinction of CHMs from NMs were uncommon but did occur (no cases in round 1 and 2 cases in round 2). Of note, some cases did not achieve a consensus diagnosis (6 cases in round 1 and 2 cases in round 2). Addition of the p57 immunostain improved sensitivity of a diagnosis of CHM to a range of 93% to 96% for individual pathologists and 96% by consensus; specificity was improved from a range of 96% to 98% for individual pathologists and 96% by consensus; there was no substantial impact on diagnosis of PHMs and NMs (Tables 1-3 ). The CHM that was not recognized as such in round 3 incorporating the p57 stain was a p57-positive androgenetic diploid CHM with a retained maternal copy of chromosome 11 (location of p57 gene). 40 This case was diagnosed by all 3 reviewers as a CHM in both rounds 1 and 2 but was interpreted as a PHM by 2 reviewers and as NM by 1 reviewer in round 3 based on the diffusely positive p57 stain. Of the cases lacking consensus in the H&E rounds, the one that failed to achieve consensus in both rounds was a p57-negative androgenetic diploid CHM that was recognized as such by consensus with the assistance of the p57 stain.
The k values for interobserver agreement for morphologic assessment ranged from 0.59 to 0.73 (moderate to good) for a diagnosis of CHM, from 0.15 to 0.43 (poor to moderate) for a diagnosis of PHM, and from 0.13 to 0.42 (poor to moderate) for a diagnosis of NM (rounds 1 to 2; Table 5 ). Intraobserver agreement for each pathologist between rounds 1 and 2 ranged from 0.44 to 0.67 (moderate to good), corresponding to raw agreement of 64% to 79% (Table 6 ). Interobserver agreement for interpretation of the p57 immunostain [including all variants of a positive interpretation (equivocal and discordant) as simply positive] was 0.96 (almost perfect). Positive cases were most often interpreted as diffusely positive, with only a minority of cases assessed as equivocal or discordant positive results. The 3 reviewers subclassified the positive stains as equivocally positive in 0, 5, and 3 cases and as discordant in 0, 5, and 6 cases. Of 3 androgenetic/biparental diploid mosaic/chimeric cases, the discordant staining pattern was recognized by 2 of 3 reviewers for each of these.
DISCUSSION
The literature has demonstrated that there is marked variability in the diagnosis of HMs based only on H&E slides, even among experienced pathologists with specialized training, and that the reproducibility for CHMs is higher than that for PHMs. 11, 22, 27, 28, 43 Depending on the number of pathologists and distribution of cases included in previous studies, the level of interobserver agreement for diagnosis of HMs has been shown to be 55% to 80% (percentage of consensus agreement) 22, 27, 28, 43 and poor (k statistics), 11 and corresponding figures for intraobserver agreement are 50% to 90% 22, 27 and poor to excellent. 11 The current study demonstrates similar findings. Although intraobserver reproducibility was moderate to good, our findings show that, even among experienced gynecologic pathologists, only 70% to 81% of all POCs are correctly classified solely on the basis of H&E slides, even when using p57 immunohistochemistry. Our study confirms that the main diagnostic problem relates to distinguishing PHMs from NMs (interobserver reproducibility of poor to moderate); distinction of CHMs from PHMs (primarily) and NMs (occasionally) is also problematic, and failure to recognize all CHMs by morphology persists even for experienced gynecologic pathologists. As expected, addition of p57 immunohistochemistry, which is a highly reproducibly interpreted stain, to the H&E evaluation improved the sensitivity of diagnosis of CHMs (from 70% to 81% to 96%) but not of PHMs or NMs.
It has been suggested that the addition of ploidy analysis improves both the interbserver and intraobserver reproducibility of diagnosis of HMs. 11, 22 However, it should be noted that previous studies assessing the accuracy/reproducibility of a diagnosis of HM with ancillary techniques have not included any type of definitive gold standard to validate the diagnoses; therefore, it has not been possible to determine true diagnostic accuracy using only H&E stains. Most ancillary techniques, including conventional cytogenetics (karyotype), DNA ploidy (flow cytometry, image analysis, and FISH), [6] [7] [8] 11, 12, 19, 22, 23, 25, 26, 33, 35, 37, 38, 56, 62 and p57 immunohistochemistry (the product of a paternally imprinted, maternally expressed gene), 3, 4, 9, 12, 20, 21, 25, 26, 29, 39, 42, 48, 50, 52 have the limitation of not being able to establish maternal/parental contributions of chromosome complements. For example, a diploid result by karyotyping, flow cytometry/image analysis, or FISH cannot distinguish a CHM (androgenetic diploidy) from a diploid NM (biparental diploidy), and a triploid result cannot discern a PHM (diandric triploidy) from a triploid NM (digynic triploidy). Similarly, although a p57 immunostain can distinguish a CHM (negative p57 because of lack of maternal DNA) from an NM (positive p57 because of the presence of a maternal chromosomal complement), it cannot discern a PHM from a diploid (biparental) or triploid (digynic) NM (all of these share the same pattern of p57 expression because of the presence of a maternal chromosomal complement). These problems can be overcome with molecular genotyping using short tandem repeat markers because this technique allows for determination of both ploidy and the maternal/paternal contributions of chromosome complements. 39, 44, 45, 51 As all of the cases in this study were derived from our gynecologic pathology consultation service, we acknowledge some degree of bias; however, this set of cases included a wide morphologic spectrum of cases, including typical HMs with characteristic features (as illustrated in some of the figures). Interestingly, this prospectively collected set has had, since its beginning, both a substantial number of HMs and a greater proportion of CHMs than PHMs. The 200 case set from which these 80 study cases were extracted comprised 76 CHMs, 48 PHMs, 69 NMs, and 7 mosaic/chimeric conceptions. This has been a surprise to us, given that diagnosis of PHMs and NMs is more problematic than that of CHMs. Although early forms are expected to constitute a notable subset of CHMs, given that nowadays a substantial number of HMs present at relatively early gestational ages, they did not constitute the exclusive form of CHM represented in this set (as judged by subjective morphologic assessment, as genotyping is identical for all forms of CHMs). Thus, as a set of consultation cases derived from the community and comprising sufficient numbers of CHMs, we believe that the cases in this study are not unduly biased toward unusually difficult cases.
The findings in this study support the use of the algorithm that we previously developed for improving the diagnosis of HMs, which combines p57 immunohistochemistry and molecular genotyping. 39, 45, 51 Briefly, immunohistochemical staining for p57 is first performed. In the context of appropriate morphologic features, a negative p57 result establishes a diagnosis of CHM, and no further ancillary evaluation is required. If the p57 result is positive, then a CHM has been excluded, but molecular genotyping is required to distinguish a PHM from an NM. When the molecular analysis reveals a diandric triploid or biparental diploid result, then a diagnosis of PHM or NM, respectively, can be rendered. We advocate use of this algorithm for all POCs with any suspicion for an HM, which includes either a clinical concern for an HM (eg, abnormally elevated b-human chorionic gonadotropin level, abnormal ultrasound findings, clinical diagnosis of "rule-out mole," etc.) or pathologic concern because of some morphologic abnormality of chorionic villi.
The algorithm yields a definitive diagnosis in essentially all cases, with the exception of a few situations, some rare, in which diagnostic evaluation may be limited or confusing. CHMs with a maternally derived trisomy of chromosome 11 will produce a positive p57 result (p57 is the product of the CDKN1C gene, which is on chromosome 11), which can lead to misinterpretation as a PHM or NM (as in the current study). 18, 40 Conversely, PHMs with loss of the maternal chromosome 11 will yield a negative p57 result, leading to an incorrect diagnosis of CHM. 13 However, both of these situations, which are quite rare (1 example of each encountered in our prospective analysis of nearly 400 cases to date), can be resolved with molecular genotyping. CHMs that arise in the setting of a multiple gestation pregnancy will have more than 1 population of chorionic villi: the CHM component, which is p57 negative, and the normal NM components, which are p57 positive (overall divergent p57 staining pattern in different populations of villi). 10, 51, 58 Failure to recognize these morphologically and immunohistochemically distinct populations can lead to incorrect interpretation as a PHM ("2" populations of villi, with some being p57 positive) and false assurance that a CHM has been excluded because of p57 positivity in at least some villi. In addition, mosaic/chimeric conceptions, particularly those with focal features of a CHM, also can have >1 morphologically and immunohistochemically distinct population of villi, leading to misclassification as a typical HM (as occurred in the current study). 25, 26, 30, 51, 57 In such cases, discordant p57 staining patterns (eg, positive cytotrophoblast with negative villous stromal cells) can cause diagnostic confusion when pathologists are not familiar with this pattern or this entity. Recognition of these discordant and divergent staining patterns, respectively, in mosaic/ chimeric conceptions and in the CHM and NM components of a multiple gestation is the key to correct interpretation of these complex specimens and is necessary for specific microdissection of the different components to ensure accurate molecular genotyping. Yet another rare problematic situation is the rare familial/ biparental form of CHM, which is a result of an inherited homozygous mutation of the NLRP7 gene on chromosome 19 (rather than the usual uniparental androgenetic diploid origin of most CHMs). 1, 14, 16, 17, 24, 34, 55, 59, 61 The molecular genotyping in this situation produces a biparental diploid result, which can erroneously lead to interpretation as NM. However, the microscopic features and loss of p57 expression are similar to that of uniparental androgenetic diploid CHMs (this is the one rare scenario in which the algorithm actually prevents confusion that might be introduced by genotyping if one is unaware of this form of CHM). Occasionally, POCs can have complex genotypes that preclude molecular interpretation, but these are uncommon in our experience (B1% of our prospectively analyzed cases). Finally, technical problems can limit molecular evaluation. Cases that include the presence of only villous tissue without decidua for comparison of allele patterns to determine the maternal and nonmaternal (paternal) allele contributions at each locus cannot be definitively assessed. Both contaminations due to a sufficient admixture of both villous and decidual tissue within the same microdissected focus and poor DNA amplification yield uninterpretable molecular results. Comments regarding any cost-benefit analysis of this algorithmic approach to evaluation of potentially molar specimens are beyond the scope of this study. It is worth pointing out, however, that this approach represents a compromise between simple traditional microscopic evaluation, which leads to incorrect classification of at least 20% of cases in the hands of gynecologic/ placental pathologists, even when a consensus diagnosis is used, and genotyping of all cases. The p57 component of the algorithm should essentially capture all CHMs, the most important group to be readily identified for clinical management purposes; this assessment is highly reproducible and is a technique that can be performed in most immunohistochemistry laboratories without the need for highly specialized equipment and expertise, such as that required for genotyping. As PHMs have a low but real risk of persistent GTD, 5, 41, 47, 54 and distinction from NMs has implications for infertility patients, genotyping of all p57-positive cases as per the algorithm provides for definitive diagnosis of all these specimens. The alternative approach of performing molecular genotyping in all potentially molar cases without utilizing p57 immunohistochemistry as the initial triage step would allow for a definitive diagnosis in virtually all cases but would clearly be more costly. This approach would potentially fail to identify the rare familial/biparental form of CHM, particularly in its early stage when morphologic features might be sufficiently subtle to not trigger recognition of a discrepancy between morphology and genotyping. Genotyping alone also can preclude specific recognition of CHMs arising in the setting of multiple gestation pregnancies and mosaic/chimeric conceptions, as the distinctive p57 immunostaining patterns that are a clue to these diagnoses and are critical to guiding microdissection would not be identified. 25, 51, 57 Therefore, the most ideal method for identifying all HMs is a combined approach including correlation of morphologic features, p57 immunohistochemistry, and molecular genotyping.
In conclusion, even at the hands of experienced gynecologic pathologists, diagnosis of HMs and their distinction from NMs is imperfect. Ancillary techniques can substantially improve the diagnosis of HMs, with p57 enabling recognition of virtually all CHMs and molecular genotyping providing a definitive diagnosis for the B20% to 30% of specimens that are misclassified by morphology.
